Diatom biostratigraphic analyses of late Miocene to Pleistocene sediments in Hole U1371D of Integrated Ocean Drilling Program Expedition 329 in the South Pacific Gyre are invoked although several reworked diatoms are included. The nine diatom biozones recognized indicate an estimated age of 8.67 Ma at ~100 meters below seafloor. Moreover, abundant occurrences of diatom resting spores at ~2.5 Ma indicate a eutrophication increase.
Introduction
During Integrated Ocean Drilling Program (IODP) Expedition 329, pelagic sediments were drilled in the abyssal environments of the South Pacific Gyre (SPG) (Fig. F1) . The SPG is the largest of the ocean gyres and its center is farther from continents than the center of any other gyre. The SPG contains the largest portion of seafloor that has never been explored with scientific ocean drilling, and paleoceanographic transition of this region is not clearly understood.
At IODP Site U1371, located just south of the southern gyre edge, shipboard study revealed abundant and continuous occurrences of fossil diatoms in cored sediments (Expedition 329 Scientists, 2011). Diatom assemblages provide an essential age-control reference for the detailed examination of paleoceanographic evolution. This report presents diatom occurrences and abundances for the age-diagnostic taxa recovered in cores from Hole U1371D.
Materials and methods
The sediment at Site U1371 consists of ~104 m of diatom ooze and ~20 m of pelagic clay (Fig. F2) . The strata of this site are divided into two lithologic units based on their markedly different modal composition. Unit I is ooze with average diatom and clay content of 56% and 17%, respectively. Unit II is a mixture of clay, zeolite, and red-brown to yellow-brown semiopaque iron manganese oxides. Unit II contains an average modal abundance of up to 26% diatoms but only in the upper 5 m of the unit where the lithology transitions from ooze to clay. Other minor constituents of the sediment include quartz, pyrite, manganese oxide/hydroxide, and biogenic particles including radiolarians, spicules, and silicoflagellates.
Eighty-two microslides prepared for diatom analyses contained abundant and well-preserved fossil diatom, resting spore, radiolarian, and silicoflagellate assemblages. To prepare the microslides, silty to clayey sediments containing diatoms were selected between Samples 329-U1371D-1H-1W, 66-67 cm (top depth = 0.66 m uncompressed core depth below seafloor [CSF-A]), and 14H-4W, [35] [36] .
For standard diatom analysis, ~0.5 g of each wet sample was processed; the methods of sample preparation, counting, and other procedures that we followed were basically the same as those of Koizumi (1968) and Akiba (1982b ) with a minor modification. Counting methods for vegetative cell valves of "normal" diatoms and Chaetoceros resting spores were followed after and Suto (2006b) , respectively (Table T1) . A single vegetative cell valve of Centrales species was counted as one when more than a half of a valve was observed. Broken specimens of Pennales species were counted as one valve when two apices were observed. Other criteria for identification of specific genera were used following after several papers (see the floral reference list for diatom taxonomy in the "Appendix").
Diatom abundance is expressed as an approximate number of diatom valves per slide calculated using the length of scanning lines. To determine the fluctuation of diatom assemblages, 100 vegetative valves of normal diatoms were counted at species level for each sample. After counting, the slides were scanned to record the presence of species missed in the original tally as indicated by a "+" in Table T1 . The resting spore abundance is defined here as the number of spore valves encountered during a count of 100 vegetative cell valves of other diatom species.
In diatom biostratigraphic assignments, we applied the diatom zonal scheme of Harwood and Maruyama (1992) for examined samples. Diatom event (first appearance datum [FAD] and last appearance datum [LAD] ) ages used in this study were after the midpoint of average range model (ARM) of Cody et al. (2008) , which recalibrated the ages to the Cande and Kent (1995) timescale (Figs. F2, F3) , although the usefulness of their ages of bioevents has been up for discussion. Magnetostratigraphic ages are presumed with the diatom biostratigraphic results according to the shipboard results in Expedition 329 Scientists (2011), although the polarity chrons were not described in this study. All subchron boundaries and diatom bioevent ages were converted to the Gradstein et al. (2004) timescale.
Results
All samples from Hole U1371D contained sufficient diatoms per slide (>400, usually nearly 1000 valves) and Chaetoceros resting spores (>100, usually nearly 400 valves), except for Sample 329-U1371D-12H-2W, 45-46 cm (104.35 m CSF-A), with very rare diatoms, and barren samples between Samples 12H-3W, 45-46 cm (105.85 m CSF-A), and 14H-4W, 35-36 cm (126.25 m CSF-A). The preservation and abundance of fossil diatoms and resting spores are good and common to abundant throughout all microslides except for some rare and barren samples mentioned above (Table T1 ). Diatom assemblages are mostly composed of useful biostratigraphic markers with continuous and abundant occurrences ( Fig. F2 ; Tables T1, T2).
Core materials from Expedition 329 Hole U1371D investigated in this study correspond to several diatom bioevents (i.e., FAD and LAD) defining the diatom zones of Harwood and Maruyama (1992) However, the bioevents that define the bottoms of the F. kerguelensis Zone, the T. kolbei Zone, the T. insigna-T. vulnifica Zone, the S. oestrupii Zone, and Subzone a of the F. reinholdii Zone were not clarified because of the absence of index species (Fig. F2) . Here, the magnetostratigraphic chron and subchron datums are presumed according to shipboard research results (Expedition 329 Scientists, 2011). We selected biostratigraphic diatom markers that did not contradict the magnetostratigraphic datums ( Fig.  F3) . Several datums of other age indicators conflicted with chron and subchron datums, and these indicators were not used in this study because they might Fenner, J., 1984. Figure F3 . Age-depth plot, Hole U1371D. Ages of diatom bioevents are used after the midpoint of average range model of Cody et al. (2008) . Polarity after the shipboard results in Expedition 329 Scientists (2011) . Chron boundary ages after the geomagnetic polarity timescale of Ogg and Smith (2004) . 2, 5-8, 11-38; left: figs. 3, 4, 9, 10 
Taxonomic notes and floral references
Taxonomic references for all species and varieties of diatoms (Bacillariophyta) identified from the Expedition 329 Hole U1371D sediments are listed below and shown in Plates P1-P14. The authority of each species is given as well as several good references that describe and illustrate the particular taxon collected around the Antarctic Ocean.
Actinocyclus actinochilus (Ehrenberg) Simonsen (1982), pp. 101-116, pls. 1-4; Harwood and Maruyama (1992), p. 699, pl. 12, figs. 9-11; Tanimura (1992), pp. 405, 407, figs. 3-2, 5-3; Mahood and Barron (1996b), p. 288, pl. 7, fig. 22; Bohaty et al. (1998), pl. 3, figs. 6, 8; Iwai and Winter (2002) , p. 3, pl. P21, fig. 8 ; pl. P26, fig. 2 ; pl. P33, fig. 1 ; Suto et al. (2013), p. 32, pl. P1, figs. 1, 2 (no illustrations (1958), pp. 122-126, pl. 7, figs. 57-80; Fenner et al. (1976), p. 771, pl. 5, fig. 5; Gombos (1977), p. 592, pl. 1, fig. 8; Akiba (1982a), p. 42, pl. 3, figs. 7-10. Actinocyclus curvatulus Janisch in Schmidt et al. (1874 Schmidt et al. ( -1959 Fenner et al. (1976), p. 763, pl. 6, figs. 1, 2; Akiba (1982a), pp. 41, 42, pl. 5, figs. 5a, 5b; Harwood and Maruyama (1992), p. 699, pl. 12, fig. 12; Zielinski and Gersonde (2002) , p. 253, pl. 3, fig. 1 ; Suto et al. (2013), p. 32, pl. P1, figs. 3-14 (Pl. P2, figs. 1, 2) . Van Heurck (1880 -1885 Schrader (1973), p. 701, pl. 8, figs. 7-9, 11-14, 16, 17; Akiba (1986), p. 441, pl. 16, fig. 5; Ciesielski (1986), p. 875, pl. 5, fig. 8 (Pl. P2, figs. 3, 4) .
Actinocyclus ellipticus Grunow in
Actinocyclus ingens f. ingens (Rattray) Whiting et Schrader (1985a), p. 74, pl. 1, figs. 1, 2; pl. 2, figs. 4-10; pl. 3, fig. 13 (Pl. P1, figs. 1, 2) . Synonym: Actinocyclus ingens Rattray (1890a), p. 149, pl. 11, fig. 7; Akiba (1982a), p. 42, pl. 5, figs. 7-14; Akiba (1986), p. 442, pl. 16, figs. 6, 9; Harwood and Maruyama (1992), p. 700, pl. 8, fig. 10; pl. 11, figs. 4, 6; pl. 12, fig. 8; Mahood and Barron (1996b), p. 288, pl. 3, figs. 1a-4; pl. 7, figs. 20a-21; Bohaty et al. (1998), pl. 3, fig. 7; Iwai and Winter (2002) , p. 3, pl. P15, fig. 3 ; pl. P29, figs. 1, 4; Suto et al. (2013), p. 32, pl. P1, figs. 15, 16 .
Actinocyclus ingens f. nodus (Baldauf) Whiting et Schrader (1985a), p. 74, pl. 1, fig. 3; pl. 2, fig. 11; pl. 3, fig. 14 (no illustrations) . Synonym: Actinocyclus ingens var. nodus Baldauf in Baldauf et Barron (1980), p. 104, pl. 1, figs. 5-9; Ciesielski (1986), p. 875, pl. 1, figs. 8, 9; Gersonde (1990), p. 792, pl. 1, fig. 6; pl. 3, figs. 4-7; Censarek and Gersonde (2002), p. 350, pl. 1, fig. 4 . Gersonde (1990), p. 792, pl. 1, fig. 7; pl. 3, figs. 1-3; pl. 5, figs. 4, 7; pl. 6, figs. 1, 4, 5; , p. 779, pl. 5, fig. 4 ; Bal-dauf and Van Heurck (1909), p. 44, pl. 12, fig. 158; Harwood (1986), p. 84, pl. 8, figs. 8-10; Harwood and Maruyama (1992), p. 700, pl. 13, figs. 1, 2, 6-8, 10, 11, 13; Mahood and Barron (1996b) Schrader et Fenner (1976), pp. 965, 966, pl. 21, figs. 8, 13, 14; pl. 28, fig. 1; Gombos and Ciesielski (1983), p. 600, pl. 5, figs. 5-7; Harwood and Maruyama (1992) , p. 701, pl. 4, fig. 17 ; pl. 5, fig. 5 ; , p. 8, pl. P4, fig. 1 (Pl. P3, figs. 3, 4) . Synonym: Asterolampra sp. 2 of Schrader (1976) , p. 630, pl. 8, fig. 2 . Karsten (1905), p. 90, pl. 8, fig. 14; Fenner et al. (1976), p. 769, pl. 4, figs. 20, 21; Schrader (1976), p. 630, pl. 8, fig. 6; Akiba (1982a), p. 42, pl. 1, figs. 3, 5, 6; , p. 79, pl. 1, fig. 13 ; Har-Synonym: Eucampia balaustium Castracane (1886a), p. 97, pl. 18, fig. 5; McCollum (1975), p. 534, pl. 16, figs. 8, 9; Schrader (1976), p. 632, pl. 14, fig. 7; Fenner et al. (1976), p. 774, pl. 5, figs. 7-9; Gombos (1977), p. 593, pl. 1, figs. 1, 2; pl. 11, fig. 1; Akiba (1982a), p. 43, pl. 6, figs. 1-9; Koizumi (1982), p. 80, pl. 1, fig. 12; , p. 407, fig. 3 Gersonde (1991), pp. 144-146, pl. 1, figs. 18-25; pl. 3, fig. 5; pl. 4, figs. 5, 6; pl. 7, fig. 6; Gersonde and Burckle (1990), p. 780, pl. 2, figs. 10-12; Harwood and Maruyama (1992) , p. 704, pl. 17, figs. 21-23. Basionym: Nitzschia barronii Gersonde (1991), pp. 146, 147, pl. 3, fig. 6; pl. 4, figs. 1-3; pl. 5, figs. 7-17; Gersonde and Burckle (1990), p. 780, pl. 1, figs. 11-13; Baldauf and Barron (1991), p. 589, pl. 7, fig. 14; Harwood and Maruyama (1992), p. 704, pl. 17, figs. 27, 28; Mahood and Barron (1996b), p. 290, pl. 2, figs. 3a-4; pl. 7, figs. 16, 17 . Fragilariopsis curta (Van Heurck) Hustedt (1958), p. 160, pl. 11, figs. 140-144; pl. 12, fig. 159; Hasle (1965), pp. 32, 33, pl. 6, fig. 6; pl. 12, figs. 2-5; pl. 13, figs. 1-6; pl. 16, fig. 6; pl. 17, fig. 5; Synonym: Nitzschia curta (Van Heurck) Hasle (1972a), p. 115; Schrader (1976), p. 633, pl. 5, figs. 21, 23, 24; Fenner et al. (1976), p. 775, pl. 4, figs. 5-9; , p. 44, pl. 10, figs. 1-2b; Koizumi (1982), p. 80, pl. 1, figs. 1, 2; Harwood and Maruyama (1992) Gersonde and Burckle (1990), p. 780, pl. 1, fig. 27; Baldauf and Barron (1991), p. 589, pl. 7, fig. 10; Iwai and Winter (2002) , p. 8, pl. P2, figs. 5, 6.
Actinocyclus ingens var. ovalis

Actinocyclus karstenii
Asteromphalus oligocenicus
Asteromphalus parvulus
Fragilariopsis doliolus (Wallich) Medlin et Sims (1993), p. 332; Zielinski and Gersonde (2002) , p. 257, pl. 1, fig. 1 ; Suto et al. (2013), pp. 32, 33, pl. P3, figs. 17, 18 (Pl. P6, figs. 43, 44) .
Basionym: Synedra doliolus Wallich (1860), p. 48, pl. 2, fig. 19 . Synonym: Pseudoeunotia doliolus (Wallich) Grunow in Van Heurck (1880 -1885 Fenner et al. (1976), p. 778, pl. 14, fig. 12; Akiba (1986), p. 444, pl. 22, figs. 1, 2. Thalassionema sp. A (Pl. P10, figs. 1-10).
Remarks: The valve of this taxon possesses slender and linear outline with slightly compressed and rounded ends that can easily be separated from other Thalassionema taxa with broadly rounded ends to lanceolate with subcapitate ends such as Thalassionema nitzschioides complex (Tanimura et al., 2007) and Thalassionema schraderi (Akiba, 1982b) . The stratigraphic occurrence in Hole U1371D ranges from Samples 329-U1371D-9H-7W, 58-59 cm to 6H-6W, 81-82 cm (82.98-53.71 m CSF-A) with a distinct peak, where it comprises over 50% of diatom assemblage, at Sample 9H-1W, 92-93 cm (74.82 m CSF-A) ( Fig. F2 ; Table T1 ). The high occurrence may correspond to the Thalassionema increasing event in 5.7, 5. 2-4.7 and 4.4-3.7 Ma reported from the Antarctic Peninsula's Pacific margin by Bart and Iwai (2012) , although the taxa are differentiated. This taxon is potentially useful for diatom biostratigraphy, because it is relatively short-ranging with specific characteristics that allow for easy identification in practical stratigraphic analysis.
Thalassionema spp. (Pl. P9, figs. 41-44).
